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ABSTRACT
Background: Since the first suggestion of threshold values for food specific IgE antibody levels in relation to
clinical reactivity, several authors have proposed different threshold values for different allergens. We investi-
gated the relationship between wheatsoybean specific IgE antibody levels and the outcome of wheatsoy-
bean allergy diagnosis in children of different ages.
Methods: A retrospective study was conducted in 536 children admitted consecutively to our clinic with the
suspicion of wheat andor soybean allergy. The children underwent an oral food challenge and blood samples
for specific IgE measurement were obtained.
Results: The children who reacted to the oral food challenge had higher specific IgE titers to the specific aller-
gen compared to the non-reacting group. The risk for reaction increased 2.33-fold (95% CI 1.90-2.87) for wheat
and 2.08-fold (95% CI 1.65-2.61) for soybean, with increasing levels of specific IgE. A significant difference be-
tween the ages of subjects pertained only to wheat.
Conclusions: We found a relationship between the probability of failed challenge and the concentration of IgE
antibodies to both wheat and soybean. Age influences the relationship of allergen specific IgE levels to wheat
and oral food challenge outcome. Younger children are more likely to react to low levels of specific IgE antibody
concentration to wheat than older children.
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ABBREVIATIONS
IgE, Immunoglobulin E; kUAL, Kilounits of allergen-specific IgE per liter; DBPCFC, Double-blinded placebo-
controlled food challenge; OFC, Oral food challenge; SPT, Skin prick test; WA, Child characterized with wheat
allergy; NoWA, Child without wheat allergy; SA, Child characterized with soybean allergy; NoSA, Child without
soybean allergy.
INTRODUCTION
The impact of food allergies extend beyond the af-
fected individual and their immediate families. Feel-
ings of anxiety are generated by the fear of a possible
fatal food allergy and the practical problem of food
avoidance. However, interpreting food allergy symp-
toms in children is complicated because of the dy-
namic nature of the allergic response which changes
with time; the acquisition of food tolerance and ame-
lioration of symptoms is reported in children with all
types of food allergy.1
In Japan, allergy to wheat and to soybean is the
third and the fourth causative food allergen during in-
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fancy.2 The majority of wheat and soy allergic chil-
dren concomitantly suffer from moderate-to-severe
atopic dermatitis and sensitization to other foods
such as milk and egg. The high prevalence of wheat
and soy allergy in Japan during infancy is most likely
a reflection of the weaning tradition. Wheat is com-
monly introduced as udon noodles and soybeans as
tofu as weaning food. Therefore, IgE sensitization to
wheat occurs primarily in early infancy.
The various diagnostic errors and pitfalls in the
management of food allergy suggest that we should
utilize available tests more fully in the best interests
of the patient.3 Sampson and Ho were first to publish
a study on the relationship between food-specific IgE
concentrations and the risk of positive food chal-
lenges. They also documented specific IgE threshold
values to six common foods correlated to the out-
come of DBPCFC.4,5 These threshold values were, in
many cases, helpful in deciding if food challenge was
necessary or potentially harmful to the patient.
Other research groups have since followed by de-
scribing the correlation between allergen specific IgE
titers and food challenge. The focus has been primar-
ily on food allergy towards hen eggs, cow milk and
peanuts and also the significance of age.6-12 For wheat
and soybean, the association between allergen spe-
cific IgE antibody titers and food challenge proce-
dures has not been clearly established.4,10
Here, the primary objective was to study the rela-
tionship between the specific IgE antibody concentra-
tion to wheat and soybean and the outcome of food
challenges for children suspected of suffering from
wheat and soybean allergy. Our secondary objective
was to investigate the influence of age in this relation-
ship.
METHODS
STUDY POPULATION
In the period from 1997 to 2004, 536 children were re-
ferred to Sagamihara National Hospital for suspected
wheat andor soybean allergy of which 24 had previ-
ously documented wheat allergy and 17 subjects had
a previously documented soybean allergy. The major-
ity of patients were boys (n = 384), ages ranging be-
tween 6 months and 14.6 years (average age 1.3
years). Seventy three percent of patients had atopic
dermatitis and 7% asthma; allergic rhinitis and aller-
gic conjunctivitis were present in both 5% of patients.
Evaluation consisted of case history and physical
examination. A blood sample was taken for the quan-
tification of specific IgE antibodies to wheat and soy-
bean on the first visit.
LABORATORY STUDIES
Allergen specific IgE antibody levels were measured
using ImmunoCAPⓇ System (Phadia AB, Sweden)
towards wheat andor soybean in these patients. The
detection limit of the assay was 0.35 kUAL.
ORAL FOOD CHALLENGE
Oral challenge is the standard procedure used for de-
termining food allergy at Sagamihara National Hospi-
tal, when case history, physical evaluation and
allergen-specific IgE indicate hypersensitivity to a
particular food. Open challenges are routine at our
clinic for very young children and follow the practice
recommended by the EAACI.13 In children over 4
years of age or if the child claimed to have a subjec-
tive symptom, challenges were performed blinded.
All open challenges were performed using the identi-
cal titration steps as for the double-blinded ones rec-
ommended by AAAAI.14 The time-interval between
doses was 15 minutes. Food challenges were scored
as positive by a pediatric specialist if one or more of
the following objective clinical reactions were noted:
urticaria, angioedema, skin rash, cough, wheeze,
breathing difficulties, vomit, diarrhea, shock or exac-
erbation of eczema. Full emergency equipment was
at hand. The provocation test was terminated when
clinical symptoms were observed or when the high-
est allergen dose was reached. Subsequently, sub-
jects were carefully monitored for 24 hours. For
provocation of wheat allergy 100 g udon noodle was
used, and for soybean allergy 100 g tofu. For toddler
age half the dose was used. When a child had a very
convincing positive history with a high risk of react-
ing strongly to a challenge, the challenge procedure
was not carried out.
Based on case history, physical examination and,
in most cases, challenge outcome, each child was
classified as having an immediate hypersensitivity to
ingested wheat (designated as wheat allergy, i.e. WA)
or not (designated as no wheat allergy, i.e. NoWA).
Respectively, children were investigated for immedi-
ate hypersensitivity to soybean (designated as soy-
bean allergy, i.e. SA) or not (designated as no soy-
bean allergy, i.e. NoSA). This study was approved by
the Institutional Review Board at the Sagamihara Na-
tional Hospital, and all patients gave written informed
consent to participate.
STATISTICAL METHODS
The primary outcome measure was clinical reactivity,
determined by food challenge or confirmed clinical
history. A Kruskal-Wallis test was used to assess dif-
ferences between groups.
The relationship between sensitization status and
outcome measure was analyzed using logistic regres-
sion. Fitted, predicted probability curves were plotted
using the results from the logistic regression. A p-
value of less than 0.05 was considered to indicate a
statistically significant difference. Computerized sta-
tistical analysis was carried out using SAS System
V8.2.
RESULTS
Overall, 590 conclusive remarks were made regard-
Probability Curve of Wheat and Soybean
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Table 1 Symptoms provoked by oral food chalenge
Soybean
(n = 21)
No. (%)
Wheat
(n = 41)
No. (%)
Total
(n = 62)
No. (%)
(95)20(98)40(97)60Cutaneous
(0)0(2)1(2)1Mucous 
membrane
(24)5(15)6(18)11Lower respi
ratory
(5)1(2)1(3)2Gastrointest
inal
(5)1(7)3(6)4Anaphylaxis
Table 2 Specific IgE levels for wheat and soybean, for 
children with or without wheat alergy (WA & NoWA) and 
soybean alergy (SA & NoSA) respectively
SoybeanWheat
SANoSAWANoWA
14.871.9819.291.88Arit. Mean
3.970.545.270.48Geo Mean
3.89< 0.354.31< 0.35Median
3825165236N
ing food allergy for the 536 patients during the period
between 1997 and 2004. All 590 conclusive remarks
were based on either oral food challenges or through
a strong convincing history. Oral challenges were
performed in 277 subjects for wheat and 272 for soy-
bean for a total of 549 oral food challenges. With the
exception of 5 challenges which were single-blinded,
the rest of the 544 food challenges were performed
openly. Twenty four wheat allergy patients and 17
soybean allergy patients already had definitive symp-
toms within 3 months of the examination. Among the
277 wheat challenges, 41 or 51% of the performed
wheat challenges were assessed as positive. Among
272 soybean challenges, 21 or 8% were assessed as
positive. Symptoms provoked by the oral food chal-
lenge are listed in Table 1.
The levels of wheat and soybean specific IgE were
significantly higher in the group that failed the chal-
lenge (Table 2). This indicated a relationship be-
tween the levels of specific IgE and the outcome of
challenge. This relationship was further investigated
using a logistic regression model. A significant rela-
tionship between the probability of failed challenge
and the concentration of IgE antibodies to both wheat
and soybean was found. For wheat, the risk increased
2.33-fold per logarithmic increase (95% CI 1.90-2.87)
and for soybean the risk increased 2.08-fold per loga-
rithmic increase (95% CI 1.65-2.64), of specific IgE.
Fitted probability curves for the relationships are pre-
sented in Figure 1.
A post-stratification of the children challenged for
wheat gave 2 significant age groups, under 1 year of
age with an 4.09-fold risk increase (95% CI 2.60-6.45)
and 1 year or older with a slightly lower risk, a 2.18-
fold increase (95% CI 1.62-2.93), with increasing lev-
els of wheat-specific IgE (Fig.2). For soybean, a strati-
fication in relation to age was not possible.
DISCUSSION
We set out to determine the relationship between
wheatsoybean specific IgE antibody levels and the
outcome of wheatsoybean allergy diagnosis in chil-
dren of different ages. Our retrospective study shows
that there is a relationship between the probability of
failed challenge and the concentration of IgE antibod-
ies to both wheat and soybean, also that the relation-
ship for wheat was modified by the age of the chil-
dren. Younger children were more likely to react to
low levels of specific IgE antibody concentration to
wheat than older children.
We have previously indicated that IgE levels serve
as useful predictors of challenge outcomes for hen
egg allergy and cow milk allergy and that the predic-
tion was influenced by age.12 However, in the present
study only wheat showed a similar age-dependent re-
lationship.
The relation between wheat and soybean IgE levels
and the likelihood of reaction has previously been re-
ported in 2 European studies. In a study by Celik-
Bilgili et al.10 based on oral challenges performed on
a patient-based material, the association for both
wheat and soybean was rather poor, whereas in a
study by Östblom et al.15 based on questionnaire
data, the relationship for soybean was almost identi-
cal as the German study although the relationship be-
tween wheat IgE levels and reported hypersensitivity
was better. Our results show a stronger association
between the IgE results and challenge outcome for
wheat and soybean compared to the 2 European stud-
ies. For soybean, one reason might be that it is com-
mon in Japan to give infants soybean products as
baby food in infancy, whereas in Europe, exposure to
soybean during infancy is low and consequently IgE
sensitization to soybean is relatively uncommon. In
Europe, soybean allergy also manifest as oral allergy
syndrome in patients allergic to birch due to cross-
reactivity of Bet v 1- specific IgE to the PR-10 soy pro-
tein.16 Therefore, it is estimated that the difference in
early exposure to soybean may create a relatively fre-
quent opportunity for Japanese infants to receive soy-
bean antigen stimulation through intestinal immune
system in digestive organs compared to European in-
fants.
We found a relationship between wheat IgE anti-
body concentrations and reactivity to wheat and that
age influenced the outcome, as the association be-
tween the concentrations of serum-specific IgE and
the outcome of challenge was stronger for younger
children than older children.
Many questions remain unsolved questions in food
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Fig. 1 Fited predicted probability curves for the outcome of chalenge at a given IgE value for A) wheat 
and B) soybean.
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Fig. 2 Fited predicted probability curves for the outcome 
of chalenge at a given IgE value for diferent age groups 
wheat, where the solid curve represents children younger 
than 1 year and the doted curve for children 1 year or older.
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allergy, and the issues of cross-reacting proteins and
botanically-related foods, and the significance of posi-
tive tests for IgE, all play a role in the dilemma of
wheat or soybean allergy. Our study, together with
many others, do support the concept that IgE levels
can be a useful laboratory measure in determining
when a food challenge should be considered. As a
consequence to this, it appears now that challenges
are being used less often to confirm a clinical diagno-
sis and more often to test for clinical resolution of al-
lergy, which is the norm in cow milk allergy and hen
egg allergy, but less common in allergy to wheat and
soybean.
We conclude that the levels of specific IgE to wheat
and soybean are related to oral food challenge out-
come when investigating children suspected of hav-
ing food allergy. Age was found to influence this rela-
tionship in wheat allergy but not in soybean allergy.
ACKNOWLEDGEMENTS
Dr. Takatsugu Komata is a recipient of the 4th Annual
Meeting Award of the Japanese Society of Allergol-
ogy. We thank all of the physicians and nurses who
participated in recruiting the study subjects and data
collection at the Sagamihara National Hospital. This
study was supported by the Health and Labour Sci-
ences Research Grants of the Research on Allergic
Disease and Immunology from the Ministry of
Health, Labour and Welfare, Japan.
REFERENCES
1. Ikematsu K, Tachimoto H, Sugisaki C, Syukuya A,
Ebisawa M. [Feature of food allergy developed during in-
fancy―acquisition of tolerance against hen’s egg, cow’s
milk, wheat, and soybean up to 3 years old]. Arerugi 2006;
55:533-41 (in Japanese).
2. Ebisawa M. [Management of Food Allergy (Food Allergy
Management 2005 by National Food Allergy Research
Group)]. Arerugi 2006;55:107-14(in Japanese).
3. Roberts S. Challenging times for food allergy tests. Arch
Dis Child 2005;90:564-6.
4. Sampson HA, Ho DG. Relationship between food-specific
IgE concentrations and the risk of positive food chal-
lenges in children and adolescents. J Allergy Clin Immu-
nol 1997;100:444-51.
5. Sampson HA. Utility of food-specific IgE concentrations in
predicting symptomatic food allergy. J Allergy Clin Immu-
nol 2001;107:891-6.
6. Boyano-Martinez T, Garcia-Ara C, Diaz-Pena JM, Munoz
FM, Garcia-Sanchez G, Esteban MM. Validity of specific
IgE antibodies in children with egg allergy. Clin Exp Al-
lergy 2001;31:1464-9.
7. Garcia-Ara MC, Boyano-Martinez MT, Diaz-Pena JM,
Martin-Munoz MF, Martin-Estaban M. Cow’s milk-
specific immunoglobulin E levels as predictors of clinical
reactivity in the follow-up of the cow’s milk allergy infants.
Clin Exp Allergy 2004;34:866-7.
8. Osterballe M, Binslev-Jensen C. Threshold levels in food
challenge and specific IgE in patients with egg allergy: is
there a relationship? J Allergy Clin Immunol 2003;112:
Probability Curve of Wheat and Soybean
Allergology International Vol 58, No4, 2009 www.jsaweb.jp 603
196-201.
9. Perry TT, Matsui EC, Conover-Walker MK, Wood RA.
The relationship of allergen specific IgE levels and oral
food challenge outcome. J Allergy Clin Immunol 2004;
114:1164-8.
10. Celik-Bilgili S, Mehl A, Verstege A et al. The predictive
value of specific immunoglobulin E levels in serum for
the outcome of oral food challenges. Clin Exp Allergy
2005;35:268-73.
11. Roberts G, Lack G. Diagnosing peanut allergy with skin
prick and specific IgE testing. J Allergy Clin Immunol
2005;115:1291-6.
12. Komata T, Söderström L, Borres MP, Tachimoto H,
Ebisawa M. The predictive relationship of food-specific
serum IgE concentrations to challenge outcomes for egg
and milk varies by patient age. J Allergy Clin Immunol
2007;119:1272-4.
13. Bindslev-Jensen C, Ballmer-Weber BK, Bengtsson U et
al. Standardization of food challenges in patients with im-
mediate reactions to foods―position paper from the
European Academy of Allergology and Clinical Immunol-
ogy. Allergy 2004;59:690-7.
14. Bock SA, Sampson HA, Atkins FM et al. Double-blind,
placebo-controlled food challenge (DBPCFC) as an office
procedure: a manual. J Allergy Clin Immunol 1988;82:986-
97.
15. Östblom E, Lilja G, Ahlstedt S, van Hage M, Wickman M.
Patterns of food-specific IgE-antibodies and reported food
hypersensitivity in 4-year old children. Allergy 2008;63:
418-24.
16. Kleine-Tebbe J, Wangorsch A, Vogel L, Crowell DN,
Haustein U-F, Viethis S. Severe oral allergy syndrome
and anaphylactic reactions casued by a Bet v 1-related PR-
10 protein in soybean, SAM22. J Allergy Clin Immunol
2002;110:797-804.
